Objective: In the United States, national efforts to reduce hospital readmissions have been enacted, including the application of substantial insurance reimbursement penalties for hospitals with elevated rates. Readmissions after severe sepsis remain understudied and could possibly signify lapses in care and missed opportunities for intervention. We sought to characterize 7-and 30-day readmission rates following hospital admission for severe sepsis as well as institutional variations in readmission. Design: Retrospective analysis of 345,657 severe sepsis discharges from University HealthSystem Consortium hospitals in 2012. Setting: United States. Patients: We applied the commonly cited method described by Angus et al for identification of severe sepsis, including only discharges with sepsis present at admission. Interventions: None.
institutional financing and healthcare efficiency perspectives, these events also place an enormous burden on patients, leading to prolonged illness, distress, and lost productivity (9) . A growing body of literature describes hospital readmissions after initial treatment for severe sepsis (6, 7, (10) (11) (12) . Sepsis readmissions are important not only because of the potential financial implications but also because these events may signify shortcomings in initial inpatient treatment or follow-up outpatient care. Studies of community medical centers and samples of tertiary care hospitals have identified increased short-and long-term readmission rates among patients discharged after treatment for sepsis (6, 7, 10, 11) . However, there are no national data describing hospital readmissions after severe sepsis. Furthermore, few studies have focused on very early severe sepsis readmissions (i.e., within 7 d of discharge) or identified the relationships between institutional factors and readmission performance.
The University HealthSystem Consortium (UHC) is a national alliance of 120 not-for-profit academic medical centers and 300 affiliated hospitals. In this study, we sought to characterize hospital readmissions associated with severe sepsis among hospitals participating in the UHC and hypothesized that discharge level as well as institutional characteristics would be associated with readmission following sepsis.
MATERIALS AND METHODS

Study Design
We analyzed hospital discharge data from the UHC clinical database (CDB) and conducted a retrospective cohort study. The study received approval from the Institutional Review Board of the University of Alabama at Birmingham.
Data Source
The UHC is a collaborative effort encompassing academic medical centers and affiliated hospitals in the United States (13). Representing 42 states, UHC aims to improve institutional clinical, operational, and financial performance. For quality improvement purposes, UHC maintains the CDB, which contains administrative data submitted by hospitals in the consortium. This data source captures the elements of the standard UB-04 reporting form and encompasses data pertaining to patient demographics, discharge diagnoses, procedures, and outcomes. We used UHC CDB data for reporting member institutions for the period January 1 through December 31, 2012 (213 hospitals), linking with survey data from the American Hospital Association in order to ascertain institutional characteristics.
Case Selection
This analysis consisted of patients admitted with severe sepsis present at admission. We excluded patients less than 18 years old, prisoners or those discharged to law enforcement, and patients with unknown or other disposition (i.e., left against medical advice). We also excluded hospitalizations for rehabilitation, psychiatric, or cancer care using Agency for Healthcare Research and Quality Clinical Classifications Software (CCS) codes, which represent a tool for clustering patient diagnoses and procedures into meaningful categories (14) . In defining a population at risk of readmission, we also excluded transfers from other facilities and index deaths ( Fig. 1A) . Transfers were excluded as extraneous, unobservable factors related to care received at a prior hospital may impact readmission following discharge.
Using the widely applied system of Angus et al (1) (2) (3) , we defined severe sepsis as hospitalizations with discharge diagnoses for both infection and organ dysfunction. As done in prior studies, we expanded the Angus definitions to also include the following International Classification of Diseases, 9th Revision (ICD-9) organ dysfunction codes: 518.8 (respiratory failure), 786.03 (apnea), and 799.1 (respiratory arrest) (1) (2) (3) . We also classified hospitalizations with the discharge codes 995.91 (sepsis) as infection and 995.92 (severe sepsis) as severe sepsis. For a discharge with the 995.91 code to be considered severe sepsis, a corresponding organ dysfunction code was required.
Prior studies identifying severe sepsis using the Angus et al criteria used all available hospital discharge diagnoses, precluding the ability to distinguish initial hospital presentation with severe sepsis from the later development of severe sepsis during the stay. We defined severe sepsis using only discharge diagnoses that were present at hospital admission, which were determined by coders at each institution and indicated by "present-at-admission" flags in the UHC CDB. This strategy allowed us to focus on patients initially presenting to the hospital with severe sepsis, an important distinction as severe sepsis developing later during the stay could arise through independent mechanisms that may vary by institution (e.g., surgical site infections) and may not be thoroughly identifiable in UHC data.
Outcomes
The primary outcomes were unplanned readmission within 7 and 30 days of discharge from the index admission. We assessed both 7-and 30-day readmission rates, as some experts question the link between an index admission and a subsequent hospitalization 4 weeks later (15) . Readmissions included only those returning to the same institution, as we were unable to capture readmissions from outside hospitals. Some hospital admissions are "planned," for example, individuals initially discharged after an unstable angina episode but brought back for scheduled percutaneous coronary intervention. To distinguish planned from unplanned readmissions, we followed algorithms proposed in the Centers for Medicare and Medicaid Services (CMS) hospital-wide readmission measure (HWR) (14) . The HWR was developed in order to compare hospital performance in all-cause unplanned readmission for Medicare beneficiaries and is slated for incorporation into reimbursement penalty calculations.
Following HWR protocols, using CCS codes, we excluded readmissions with an "always planned" procedure (i.e., transplant or delivery) or diagnosis (i.e., chemotherapy, delivery, or rehabilitation) ( readmissions (i.e., coronary artery bypass graft), we classified a readmission as unplanned if the primary discharge diagnosis was acute or a complication of care (eTable 2A and 2B, Supplemental Digital Content 2, http://links.lww.com/CCM/B350). Using variables available in the dataset, we also excluded readmissions for scheduled chemotherapy, radiation therapy, or dialysis treatment; same-day transfer to psychiatric facility, oncology ward, or inpatient rehabilitation; alcohol and drug treatment admission; or cases for childbirth labor and delivery that were not accounted for using CCS codes ("flagged" readmissions). We performed all analyses at the discharge level, not accounting for repeat visits by the same patient. This approach is consistent with the CMS HWR, and a readmitted sepsis case was allowed to serve as an index admission for subsequent readmission (14) .
We defined a readmission as related to the index admission if the diagnosis-related group (DRG) for the readmission matched the index admission, the CCS principal diagnosis or procedure code for the readmission matched the index admission, or the principal readmission diagnosis was related to a complication (ICD-9 codes 996.00-999.9). With this definition of relatedness and a severe sepsis definition using diagnosis codes, a readmission could feasibly be related but not for severe sepsis and vice versa ( Fig. 2) . For example, a severe sepsis patient admitted with heart failure and pneumonia could be placed in a nonsepsis DRG with a noninfectious primary ICD-9 code. The subsequent readmission may or may not have the same DRG or primary code. If there was severe sepsis present at admission for both discharges, but these classifiers did not match, this readmission would not be considered related by our definition. However, both would be deemed severe sepsis discharges.
Hospitalization and Institutional Characteristics
We examined basic demographics including age, race, sex, and pay type. In addition, we determined length of stay (LOS), ICU admission, and comorbidities. We categorized LOS into short (≤ 2 d), medium (3-6 d), and long (≥ 7 d) in order to account Flagged" readmissions were for scheduled chemotherapy, radiation therapy, or dialysis treatment; same-day transfer to psychiatric facility, oncology ward, or inpatient rehabilitation; alcohol and drug treatment admission; or cases for childbirth labor and delivery. n = 2,910 index visit related to psych/rehabilitation; n = 25,900 had presence of cancer CCS code; n = 10,251 discharged as a transfer; n = 2,839 discharged against medical advice (AMA); n = 294 discharge unknown. UHC = University HealthSystem Consortium.
for short-stay patients that may have different readmission risks from the rest of the severe sepsis population. We calculated a weighted Charlson score using secondary diagnosis codes. Risk-adjustment measures, including UHC-predicted mortality and all-patients refined (APR) DRG severity of illness (SOI), were also examined. In accordance with the proposed HWR, we also defined condition-specific indicators using CCS and diagnosis codes for the index hospitalization (14) . We determined ICU admission rates, mortality rates, and measures of severity for both index and readmissions. We also assessed institutional characteristics, including total severe sepsis volume, severe sepsis ICU utilization, and percentage of severe sepsis cases insured by Medicaid and aged 65 or older. Institutional control, region, population setting (large vs small/medium metropolitan area) and services were obtained from American Hospital Association data.
Statistical Analysis
We calculated 7-and 30-day readmission rates among severe sepsis cases meeting inclusion criteria and reported these as percentages. We compared characteristics of the index discharge and the readmission, using tests that accounted for paired comparisons, including McNemar test of marginal homogeneity, Bowker test of symmetry, and the Wilcoxon signed-rank test.
To determine factors associated with odds of unplanned readmission, we used multivariable mixed-effects logistic regression. Because of the nested structure of the data, all models were fit using mixed-effects logistic regression and incorporated hospital identifiers as random intercepts. The first model we fit included variables with plausible underlying conceptual frameworks, including age, sex, race, pay type, SOI, Charlson score, ICU admission, index LOS, infection type, and organ dysfunction.
In order to assess hospital variation, we fit an additional model and estimated risk-standardized readmission rates (RSRRs). As there is no established risk adjustment method for readmission after sepsis, we followed the methodology for model selection outlined in the HWR used for CMS hospital comparison (14) (eTable 3, Supplemental Digital Content 3, http://links.lww.com/CCM/B351).
In order to obtain hospital-specific RSRRs, we fit a random intercept logistic regression model in Stata (StataCorp, College Station, TX) and output empirical Bayes estimates for each hospital, exponentiating to obtain measures in the form of "observed-to-expected" ratios. These ratios were then multiplied by the overall readmission rate. We assessed model collinearity by examining variance inflation factors and accounted for institutional volume by allowing shrinkage based on estimate reliability and excluding hospitals with fewer than 25 severe sepsis cases. We reported RSRRs for 30-day readmission only as there is currently no validated method for calculating 7-day RSRRs. Institutional characteristics were compared between hospitals with RSRRs in the bottom and top two quintiles (good and poor performers, respectively), using nonparametric Wilcoxon rank-sum tests for continuous measures and Pearson chi-square tests for categorical measures. We used SAS 9.3 (SAS, Cary, NC) and Stata 13.1 (StataCorp) for all analyses.
RESULTS
Population Characteristics
During 2012, there were 345,657 severe sepsis cases admitted to 213 hospitals contributing data to the UHC CDB (7.5% of all discharges), with a median of 1,538 per hospital (interquartile range [IQR], 755-2,232). After initial exclusion criteria were applied, there were 216,328 severe sepsis discharges eligible for readmission analysis (Fig. 1A) . The most common reasons for exclusion included transfer from another facility (n = 61,439; 17.7%), inpatient death (n = 35,137; 10.2%), and a cancer diagnosis (n = 25,900; 7.5%).
The population of eligible severe sepsis discharges was 65.6% white, 23.9% black, 50.9% female, 52.1% aged 65 or older, and 64.9% insured by Medicare. The most common infection types were those classified as infectious or parasitic diseases, genitourinary infections, and those affecting the respiratory system ( Table 1) . Among severe sepsis cases, organ dysfunction affecting the renal, respiratory, and cardiovascular systems were most common. After excluding discharges from four hospitals with less than 25 cases (n = 64), among 216,262 discharges, 14,932 resulted in unplanned readmission within 7 days (6.9%; 95% CI, 6.8-7.0) and 43,092 within 30 days (19.9%; 95% CI, 19.8-20.1) ( Fig. 1,  B and C) . These rates were substantially higher than observed readmission for nonsepsis discharges (7-day, 3.9%; 30-day, 10.8%). Readmission rates for infection and organ dysfunction types were fairly consistent, with only gastrointestinal infection patients exhibiting increased readmission (Table 1) .
Index Versus Readmission Characteristics
Among 14,932 7-day readmissions and 43,092 30-day readmissions, complete readmission information was available for 14,363 (96.2%) and 40,335 (93.6%), respectively. Of 7-day readmissions, 5,343 (37.2%) were related to the index hospitalization and 5,935 (41.3%) were for severe sepsis ( Fig. 2A) . For 30-day readmissions, the proportions were similar compared with 7-day readmissions, with 15,331 (38.0%) related to the index and 16,267 (40.3%) for severe sepsis (Fig. 2B) . The majority of 7-and 30-day readmissions following severe sepsis had a diagnosis of infection (68.3% and 66.9%, respectively) (Fig. 2, A and B) . Among 30-day readmissions, 6.2% resulted in inpatient death, which was lower than for index severe sepsis discharges not readmitted (16.8%). Compared with the index admission, readmissions also had lower direct cost, LOS, ICU admission, APR SOI, and risk of mortality, suggesting reduced patient severity ( Table 2) .
Mixed-Effects Models for 30-Day Readmission
As characterized by APR SOI, Charlson score, and LOS, increased SOI was associated with unplanned 30-day readmissions ( Table 3) . Prior to adjustment for other factors, readmissions were more likely among patients receiving care in the ICU during the index admission. After adjustment, in the full model, admission to the ICU was associated with reduced odds of readmission. Compared with Medicare beneficiaries, Medicaid beneficiaries exhibited higher and privately insured individuals exhibited lower unplanned readmission rates (Table 3) . Index admissions with digestive infections also had increased odds of readmission ( 
Institutional Variations in Severe Sepsis Readmissions
Observed 7-day readmission rates among 209 eligible hospitals ranged from 0% to 12.3%, with a median of 6.6% (IQR, (Fig. 3A) . Valid risk-standardization was possible only for 30-day readmissions. Thirty-day RSRRs ranged from 14.1% to 31.1%, with a median of 19.7% (IQR, 18.3-22.1) (Fig. 3, B and C) . Institutions in the highest two quintiles (n = 83; worst RSRR performance) generally had higher severe sepsis volume and lower ICU utilization compared with institutions in the lowest two quintiles (n = 84; best RSRR performance); these poor performing institutions were also more likely to be teaching hospitals, offer trauma services, and be located in the Northeast Census region ( Table 4 ).
DISCUSSION
In this cohort of more than 216,000 patients admitted with severe sepsis in 2012, one in 20 experienced an unplanned readmission within 7 days and one in five experienced an unplanned readmission within 30 days after hospital discharge. Institutional rates of 30-day readmission varied more than two-fold, as RSRRs ranged from 14% to 31%. We also observed large differences in severe sepsis volume, ICU utilization, and hospital services offered between hospitals with the highest and lowest RSRRs. The 30-day severe sepsis readmission rates observed in this and other studies are similar in magnitude to those of conditions such as heart failure, pneumonia, and acute myocardial infarction (AMI) (14, (16) (17) (18) (19) (20) (21) . Considering the potential impact of severe sepsis readmissions on patient well-being as well as the financial implications for healthcare systems, effective strategies for the reduction of readmissions in this population must be identified and a greater understanding of the long-term consequences of readmissions is needed. A number of studies have characterized hospital readmissions after sepsis, but focused on different populations. In a study of 6,344 sepsis patients from 21 community-based hospitals in a northern California integrated healthcare system, Liu et al (7) found that 17.9% were readmitted within 30 days. Similar to our analysis, SOI, comorbidity burden, and LOS were associated with risk of readmission. Several additional studies have recently examined readmission following sepsis, collectively demonstrating the substantial burden of sepsis readmission in terms of cost, mortality, and healthcare resource utilization (10) (11) (12) . In a series of two publications, Prescott et al (6, 22) examined 1-year healthcare utilization in survivors of severe sepsis and diagnoses upon readmission using data from the Health and Retirement Study. In a matched analysis, the authors identified elevated resource utilization for sepsis compared with nonsepsis controls, with 26.5% of severe sepsis patients readmitted within 30 days (6) . Our results are consistent, showing a 30-day readmission rate of nearly 20%. In a separate study, the authors also examined the primary diagnosis code among severe sepsis readmissions within 90 days, finding that 11.9% had a primary diagnosis related to infection (22) . We examined all diagnosis codes and used a more comprehensive definition of infection, identifying a much higher proportion of readmissions with an infection diagnosis.
Our study differs from prior efforts in several important ways. We examined a more diverse patient population, incorporating a larger range of hospitals and encompassing patients from a range of health insurance coverage types. We focused on those patients initially admitted to the hospital with severe sepsis, distinguishing those with severe sepsis present at admission. The current study is also unique in that we defined unplanned hospital readmissions using CMS HWR algorithms in a new dataset and examined institutional factors associated with readmission performance (14) .
The observed severe sepsis readmissions may be due to the natural biological course of the condition. Numerous studies highlight the long-term sequelae that persist after recovery from severe sepsis. Wang et al (4) found that there is two-fold increased risk of death 5 years after a sepsis hospitalization. Sepsis patients may experience a period of immunosuppression following hospitalization, potentially increasing susceptibility to infection (23) . Wang et al (24) observed an increased risk of subsequent infection and hospitalization among ICU survivors; sepsis on the index admission was the strongest predictor of postdischarge recurrent infection, readmission for infection, and postdischarge mortality. Iwashyna et al (5) identified cognitive impairment in survivors of sepsis. Physiological changes or complications resulting from the stress of hospitalization (disrupted sleep, poor nourishment, pain and discomfort, mental stress, and physical deconditioning) could also make individuals more vulnerable to short-term readmission (17, 25) . Early systematic outpatient or other follow-up care may potentially play a key role in the identification and treatment of these sequelae.
Although not evaluated in our study, another potential explanation for severe sepsis readmissions is the quality of hospital care during the index severe sepsis admission. International consensus guidelines underscore the importance-and difficulty-of early sepsis detection and aggressive structured care (26) . In this series, after all exclusions were applied, only 31% of index severe sepsis cases were admitted to the ICU at any time during hospitalization. An important unanswered question is whether less intense inpatient care (i.e., without use of the ICU) may render the patient more susceptible to decompensation after discharge. Additional study must identify sepsis care processes potentially tied to sepsis readmissions. Of note, the hospital length of stay for severe sepsis readmissions was not brief, with readmitted cases hospitalized for a median of 5 days. This observation suggests that the readmission events have significant medical complexities and do not comprise brief care episodes.
The observed ICU admission rate in the current analysis is lower than that in prior reports (2, 27, 28 Campaign guidelines has radically changed ED sepsis management since the article by Angus et al, and widespread ED early sepsis detection and aggressive resuscitation would be expected to result in lower need for ICU utilization. Walkey and Wiener (27) published a more current analysis using UHC data, finding an ICU admission rate of 69%, but their data used a narrower definition of severe sepsis, limiting to patients with diagnosis codes for septicemia, and did not apply the same exclusions. Consistent with the Angus methodology, we used a wider range of infection-related codes. Our data also originate from hospitals affiliated with large academic medical centers, which may have different thresholds for and patterns of ICU admission (28) . For example, select institutions may be more accustomed to managing midrange sepsis acuity in regular hospital ward settings rather than in the ICU. We also excluded inpatient deaths and transfers, which included discharges more likely to be admitted to the ICU. The more than two-fold institutional RSRR variation and the observed differences in characteristics between hospitals performing in the bottom versus top two quintiles were interesting. As UHC is a consortium of the largest U.S. academic medical centers, and participation is voluntary with the overarching goal of quality improvement, it could be expected that the hospitals in our sample would be well attuned to sepsis care guidelines. This prompts a need for further study into what factors may lead to such pronounced variation in outcomes. In our sample, the best performing institutions were nonteaching, nontrauma hospitals with lower volume among severe sepsis patients. This could suggest differences in non-inpatient institutional resource availability, with discharges from smaller volume hospitals less likely to have access to comprehensive outpatient services and subsequently less likely to return for care within the same system. Alternatively, despite our efforts to adjust RSRR estimates for case-mix using a large number of patient characteristics, smaller hospitals may simply provide care for patients of lesser severity. Finally, low-volume hospitals could indeed be outperforming those with higher volumes, potentially due to increased attention and staff availability to provide adequate care for a given patient. The best performers also had a higher ICU admission rate compared with the worst performers. This finding could suggest that ICU access blocks may explain some of the observed variation in readmission.
A wide range of strategies have been implemented to reduce readmission of other conditions (29) (30) (31) (32) (33) . For example, targeted interventions may reduce readmission among patients with heart failure, including patient education, medication counseling with enhanced discharge planning and follow-up, and coaching of patients and caregivers (31) (32) (33) . Observational studies on heart failure and AMI readmission have also supported the partnering of hospitals with community physicians or other local hospitals, increasing the frequency of nurses providing medication reconciliation at discharge, providing discharge summaries to patients' primary care provider, and arranging outpatient follow-up prior to discharge (29, 30) . Although the needs of patients with sepsis clearly differ from those surviving AMI and heart failure, these parallel studies offer evidence that coordinated care between hospital and outpatient providers may prove effective. It is important to note that while sepsis survivors may exhibit myriad sequelae, the optimal strategies for detecting or managing these complications remain undefined.
LIMITATIONS
Our study focused on events with severe sepsis present at admission rather than severe sepsis developing during hospitalization, and future efforts should explore readmission in this unique population. Our observed readmission rates may have been higher with the inclusion of the latter subgroup. Among severe sepsis discharges, some follow-up data could not be identified, for example, individuals readmitted to a different institution or those who died at home. Despite these limitations, we still observed substantial severe sepsis readmission rates, and thus our estimates may be conservatively low. Although we were not able to capture all readmissions, same-hospital rates may still have utility in quality improvement initiatives (34) . Our observations originate from hospitals affiliated with academic medical centers; readmission rates may differ for community-based centers. We excluded transfers from outside hospitals, which could have impacted the associations identified between risk factors and readmission (e.g., ICU admission). Also, miscoding of readmissions could have occurred. However, prior work indicates that readmissions were accurately coded in this database and that clinical data were highly concordant with information obtained on chart review (35) . Inaccurate discharge diagnoses may have led to misclassification of severe sepsis. However, the Angus strategy for identifying severe sepsis has been widely used in previous epidemiologic studies, including several using the same UHC database (27, 36) . We were unable to determine more granular aspects of severe sepsis hospitalizations, such as information related to care transitions or social support. These factors are likely important determinants of readmission risk and merit future study. Our study was conducted at the discharge level as we could not track patients across hospitals, meaning that index discharges could represent readmissions from a prior encounter. In our comparison of hospital RSRRs, we were unable to obtain information prior to hospital admission and may not have achieved adequate risk adjustment. However, the observed discrimination was similar to that of the models used in the HWR, and prior studies suggest that effective risk adjustment strategies can be implemented in sepsis studies using administrative data (14, 37) .
CONCLUSIONS
In conclusion, in this study of patients hospitalized with severe sepsis, one in five was readmitted within 30 days of discharge and institutional readmission rates varied more than two-fold, with several institutional characteristics associated with performance. Hospitals and physicians must determine the etiologies for and develop strategies to reduce severe sepsis readmissions.
